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To Feed or Not to Feed? Testing Different Hypotheses on
Rut-Induced Hypophagia in a Mountain Ungulate
Francesca Brivio, Stefano Grignolio & Marco Apollonio
Department of Zoology and Evolutionary Genetics, University of Sassari, Sassari, Italy
Introduction
In capital breeder species, a temporal separation
exists between the phase of energy acquisition and
investment in reproduction (Drent & Daan 1980;
Jo¨nsson 1997). Mammal males are often engaged
in polygynic mating systems (Clutton-Brock 1989)
that lead to high energy expenditure and imply
severe trade-off between energetic costs of repro-
duction and other fitness components such as
survival (Descamps et al. 2006). One of the major
costs is probably related to changes in their activity
budget that imply a reduction in food intake dur-
ing the rut. Rut-induced hypophagia has been
reported across a wide range of ruminants species
living in different habitats and climate conditions:
Alces alces (Miquelle 1990), Bison bison (Maher &
Byers 1987; Komers et al. 1994), Cervus elaphus
(Clutton-Brock et al. 1982; Mysterud et al. 2008),
Dama dama (Apollonio & Di Vittorio 2004), Oream-
nos americanus (Mainguy & Coˆte´ 2008), Ovis canad-
ensis (Pelletier 2005), Rupicapra rupicapra (Willisch
& Ingold 2007).
As Pelletier et al. (2009) recently pointed out,
appetite suppression during the breeding season is a
paradoxical phenomenon because it occurs at a time
of the year when energy expenditure by males
reaches its highest level. This applies particularly to
species of temperate and arctic climates, whose
mating periods occur late in fall or at the onset of
winter. In these species, reduction in feeding during
the rut may cause males to enter winter while in
poor conditions. As a consequence, they will be
more likely to die from predation, disease or starva-
tion (Pelletier 2005).
To date, different hypotheses have been suggested
to explain the proximate mechanism governing feed-
ing time reduction in male ruminants (see Table 1,
for a detailed description of the predictions):
1. Foraging constraint hypothesis: Time normally allo-
cated to feeding is rather allocated to rutting activi-
ties (Geist 1982). Because the rut is generally short
in ungulates, time spent for mating activities is
expected to increase at the expense of maintenance
activities, i.e. the time spent foraging and lying
(Pelletier 2005; Pelletier et al. 2009). As the rut
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In many ruminant species, males dramatically reduce forage intake
during the rut. To date, different hypotheses have been suggested to
explain this rut-induced hypophagia. To assess the predictions of the
main hypotheses, we analysed Alpine ibex (Capra ibex) activity budget
and compared the behaviour of males and females before, during, and
after the rut. Only males spent significantly less time foraging during the
rut than outside of it, whereas females allocated a similar proportion of
time to foraging before, during, and after the rut. Our results showed
that during the rut males also reduced lying time, while the ratio of time
spent feeding to time spent lying did not change for males among peri-
ods. In conclusion, during the breeding season males maximized energy
intake when not actively engaged in mating activities and rut-induced
hypophagia appeared to result from time budget constraints generated
by mating-related activities. Accordingly, the foraging constraint hypothesis
seems appropriate to explain this phenomenon in Alpine ibex males.
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requires high energy expenditures (Yoccoz et al.
2002; McElligott et al. 2003), when they are not
engaged in mating-related activities males are
expected to allocate most of their available time to
maximizing energy intake, i.e. to feeding. Given that
rumination and food intake are equally important to
ensure an optimal use of food resources, in species
whose rumination mainly occurs while lying, the
ratio of foraging to lying time (F ⁄L) during the rut is
supposed to be similar to the same ratio recorded
outside the breeding season.
2. Energy-saving hypothesis (Willisch & Ingold 2007):
During the breeding season, the males that are most
involved in the rutting stop eating because efficient
digestion is not possible with the limited time avail-
able for feeding. In this period, ruminant males
might be unable to maintain the basic cyclic pattern
of ingesting and ruminating food to ensure an effi-
cient microbial fermentation in the foregut (van
Soest 1994). Under these conditions, efficiency to
assimilate energy would fall below the level neces-
sary to meet basal energetic requirements. This
would apply especially to those species whose
mating periods occur when the forage quality is low.
During the rut, the cost of foraging is potentially
higher than the relative energy gain. Therefore,
animals might choose to allocate most of their
non-rutting time to lying rather than to foraging.
3. Physical rest hypothesis (Mysterud et al. 2008):
Males need to rest their muscles to compete success-
fully for access to females. Thus, time for physical
rest constrains the time for feeding. In fact, active
time is rather devoted to rut-related activities and
non-rutting time to recover from the consequent
physical stress.
4. Physiological hypothesis: Hypophagia is a physiolo-
gical process mediated through either a hormonal
change, probably associated with annual cycle of
photoperiod (McMillin et al. 1980; Simpson et al.
1984), or an effect of endogenous opiate antagonist
(Plotka et al. 1985). Miquelle (1990) and Apollonio
& Di Vittorio (2004) proposed an association between
‘scent-urination’ and hypophagia (the scent-urination
hypothesis sensu Pelletier et al. 2009). They suggested
that the physiological process inducing scent-urina-
tion may be the same that induces appetite suppres-
sion. Scent-urination, which is responsible for the
pungent odour of adult males’ urine during the rut
and plays an important role in intra- and inter-
sexual olfactory communication (Coblentz 1976), is
also argued to increase reproductive success.
5. Parasite hypothesis (Mysterud et al. 2008): The
males that are most involved in the rutting may
avoid eating because they are less able to fight
ingested parasites on account of their reduced
immune system. This hypothesis assumes a trade-off
between investing in immunity and investing in
reproduction (Kyriazakis et al. 1998).
Several studies pointed out that the degree of
forage reduction during the rut varies according to
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male age, with adult males foraging less than young
males (Maher & Byers 1987; Miquelle 1990; Apollo-
nio & Di Vittorio 2004; Mainguy & Coˆte´ 2008;
Mysterud et al. 2008). Younger males have less
chance of immediate reproduction when competing
with larger adult males. Therefore, they might give
priority to growth to increase their future chances of
reproduction (Maher & Byers 1987; Miquelle 1990;
Mysterud et al. 2003; Mainguy & Coˆte´ 2008) and
might adopt less costly mating strategies, thus
gaining at least some copulations (e.g. Hogg 1984;
Willisch & Neuhaus 2009).
Alpine ibex (Capra ibex) is a polygynous alpine
ungulate characterized by extreme sexual dimor-
phism (more than 100% in body mass – Loison et al.
1999) and a peculiar body growth. Females reach
their maximum weight at the age of 4–5, whereas
males show a slow and progressive increase of body
mass until the age of 9–10. As a consequence, males
present a remarkable dimorphism among different
age classes (Bassano et al. 2003), and, for this
reason, the ibex is an ideal case study for investigat-
ing behavioural differences between sexes and
among male age classes. Alpine ibex is a capital bree-
der species (Toı¨go et al. 2002). Its mating season
occurs from late fall to early winter (it peaks around
20 Dec.), when food availability is low and move-
ments more difficult because of snow cover (Parrini
et al. 2003). Accordingly, it is particularly interesting
to ascertain whether males show a rut-induced hyp-
ophagia or not, and to investigate the proximate
mechanism accounting for it. Therefore, we analysed
and compared the activity budgets of male and
female ibex before, during, and after the breeding
season (from Oct. to Feb.). To date, several authors
have studied rut-induced hypophagia in male ungu-
lates but neglected data from female ungulates. In
contrast, we assessed the activity budgets of females
to exclude that the reduction in feeding time was a
consequence of environmental factors such as the
scarce availability of forage. Finally, we assessed
the predictions of the five main hypotheses on




The study was conducted in the Valsavarenche
Valley, within the Gran Paradiso National Park
(GPNP; 45°35¢N, 7°12¢E; northwestern Italian Alps).
The habitat used by ibex ranges from 1500 to
3300 m a.s.l., and is dominated by rock cliffs, slops,
alpine meadows (Carex curvula and Festuca spp.), and
conifer woods (Picea abies, Larix decidua and Pinus
cembra); see Grignolio et al. (2007b) for more details.
An automatic station recorded temperature
(24 records ⁄d) and precipitation data (Property of
Meteorological Service of Aosta Valley Region).
Temperatures from Oct. through Feb. ranged from a
minimum of )18.7°C (26 Jan. 2005) to a maximum
of 16.4°C (27 Oct. 2006). Considering daily mini-
mum values, Jan. was the coldest month with
)5.8  0.26°C (x  SE) and Oct. the hottest with
2.4  0.19°C. Snow usually first appeared in Nov.
and melted away in spring. During the data collec-
tion performed over eight consecutive ibex mating
seasons (from 1 Dec. to 15 Jan.), snow cover aver-
aged 37.3 d (5.4) out of the 46 d of the entire
period.
Data Collection
The studied population was monitored from Dec.
2000 to Jan. 2008: during this period, activity budget
data were collected on a sampled population of
marked females and males that could be recognized
by means of radio-collars and ear tags. The age of
marked animals was accurately determined by
counting the annual horn growth rings (annuli) at
capture (Ratti & Habermehl 1977; von Hardenberg
et al. 2004). More details about the capture and
marking of ibex in GPNP can be found in Grignolio
et al. (2007a).
Ibex were observed with binoculars and spotting
scopes from such a distance (at least 200 m) that
their behaviour would not be influenced by the
presence of the observers. The main features of each
animal (identity, sex, and age) were determined and
recorded at the beginning of the observations. We
uniformly distributed the observation times over the
daylight hours. Animals’ behaviour was observed
using scan sampling at 2-min intervals, as described
by Altmann (1974). When an animal was observed
for <30 min, the observation was discarded.
Activity budgets included six behaviours: foraging,
lying, moving, standing, social activity, and others.
Foraging was defined as the animal standing or
advancing slowly while grazing or browsing, with
the head lowered below the shoulders. Lying was
defined as the animal lying down; it typically
included rumination. Moving was defined as a direct
walk or run with the head above the shoulders.
Standing was defined as the animal being still with
the head above the shoulders and included all
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behaviours that could be performed while standing,
e.g. vigilance. Social activity included interactions
with individuals of the same sex and courtship of
females. Others was defined as all the activities that
could not be classified into any of the first five cate-
gories. In a limited number of short-distance obser-
vations, we could distinguish whether males
ruminated or not. We considered activity budget
data from Oct. to Feb., and grouped them into three
periods: pre-rut period (from 15 Oct. to 30 Nov.),
rut period (from 1 Dec. to 15 Jan.), and post-rut
period (from 16 Jan. to 28 Feb.).
We used the male age classification proposed by
Grignolio et al. (2007a), though slightly modified to
gain a better understanding of the behaviour of
adult males. Willisch & Neuhaus (2009) showed that
<9-yr-old males were more likely to use a coursing
strategy, whereas >9-yr-old males were more likely
to use a tending strategy. Accordingly, we grouped
males into three age classes as follows: <9, 9 to 11,
and >11 yr-old males.
Given the rugged terrain and the necessity to keep
far apart from the observed animals, ibex often
moved out of the observers’ visual angle. As a conse-
quence, duration of the observations varied signifi-
cantly and starting time could not be used as a
variable in analyses assessing behavioural differences
according to time of the day. Consequently, for the
purpose of analysis, we preferred to divide the day
into three parts (morning, midday, and afternoon) of
equal length and varying according to each month.
When more than 50% of the duration of the obser-
vation fell into the time span of one of these three
parts of the day, the observation was assigned to that
specific part.
Data Analysis
We used the statistical approach proposed by Pelle-
tier et al. (2009) to obtain comparable results. For
each individual, we assessed the overall proportion
of the time spent performing each of the five main
behaviours (foraging, lying, standing, moving, and
social activities) in each period-year and used such
proportions as sampling units. We did not analyse
the data falling into the category ‘others’, because of
the tiny proportion of time spent by animals in
activities that fell into this category (0.8  0.08%).
The mean proportion of time spent performing each
behaviour was arc-sin square-root transformed to
approximate a normal distribution. Ibex identity was
fitted as a random term to control for repeated
measurements of the same individual (Pinheiro &
Bates 2000) using a linear-mixed model (LMM). We
compared the effect of biological period (pre-rut, rut,
and post-rut) and sex–age class (female, <9, 9 to 11,
and >11 yr-old male) on the time spent performing
each behaviour. Biological period and sex–age class
were thus fitted as categorical fixed effects. Given
that the year of data collection could affect activity
budgets, we included this variable too as a categori-
cal fixed effect in the models. Finally, we tested
whether ibex activity patterns differed according to
the parts of the day (morning, midday, and after-
noon) and eventually incorporated also this variable
as a categorical fixed effect in the models. LMM pair-
wise comparisons with adjustment for multiple com-
parisons were performed to test the differences
among biological periods, sex–age classes, and parts
of the day.
We analysed the effects of year of observation,
male age class, and biological period (as categorical
fixed effects) on the variation of F ⁄L by means of
LMM. Also in this case, males’ identity was fitted as
a random term to control for repeated measure-
ments. A constant (k = 1) was added to the propor-
tions of time spent foraging and time spent lying to
avoid a ratio of 0, when an individual was not
observed to forage, and a division by 0, when an
individual was not observed to rest.
To asses the relationship between time spent
either foraging or lying and time spent rutting in
males, we calculated the best curve estimation (loga-
rithmic regression in both cases). We considered
time spent rutting as the total amount of time spent
in social activity, moving, and standing. Moving and
standing were classified as male rutting activities
because we considered them important behaviours
to males that aimed to gain and ensure access to the
females in estrus (Willisch & Ingold 2007; Pelletier
et al. 2009). In these analyses, we considered indi-
vidual mean values to avoid pseudo-replications.
Results
A total of 1045 (on 78 marked males) and 360 (on
21 marked females) hours of observations were
collected. The proportion of time spent performing
each activity was analysed by means of models that
included sex, male age, period, year, and part of the
day (Table 2).
The time spent foraging was not found to differ
among years of data collection (LME: F5,727 = 1.300,
p = 0.262). Females spent more time eating than
males during all periods (LME pairwise-adjusted
comparisons: p < 0.001 in all cases). Males older
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than 11 yr spent significantly less time feeding than
other males (<9 yr-old males: p = 0.12; 9 to 11 yr-
old males: p = 0.002; Fig. 1a). During the mating
season, ibex ate less than during other periods
(before rut: p = 0.009; after rut: p < 0.001). All
males foraged less during the rut than before and
after the rut, but never stopped eating completely
(Fig 1a). On average, the proportion of time spent
feeding decreased from the pre-rut to the rut by
36% (from 0.47  0.08 to 0.30  0.02) for >11 yr-
old males, by 24% (from 0.51  0.05 to
0.39  0.02) for 9 to 11 yr-old males, and by 22%
(from 0.47  0.05 to 0.37  0.02) for <9 yr-old
males. In the post-rut period, the proportion of time
spent feeding increased again to 0.48  0.09,
0.69  0.07, and 0.63  0.05 for >11, 9 to 11, and
<9 yr-old males, respectively. On the contrary,
females showed a little but not significant increase
in the proportion of time spent foraging through the
three periods.
Ibex also spent less time lying during the rut than
before and after the rut (before rut: p < 0.001; after
rut: p = 0.025; Fig. 1b). The model showed signifi-
cant differences in time spent lying between sexes
and among age classes (LME: F3,727 = 5.793,
Table 2: Linear models of the effects of sex–age classes (females vs.
<9 yr-old males vs. 9 to 11 yr-old males vs. >11 yr-old males), biologi-
cal periods (pre-rut vs. rut vs. post-rut), years of observation and parts
of the day (morning vs. midday vs. afternoon) on five behaviours
monitored in Alpine ibex in the Gran Paradiso National Park, Italy
Dependent variable Variable F-value p-value
Foraging Sex–age classes 15.449 <0.001
Biological period 14.775 <0.001
Year 1.300 0.262
Part of the day 8.589 <0.001
Lying Sex–age classes 5.793 0.001
Biological period 10.200 <0.001
Year 4.630 <0.001
Part of the day 10.299 <0.001
Moving Sex–age classes 1.524 0.207
Biological period 39.741 <0.001
Year 2.785 0.017
Part of the day 6.025 0.003
Standing Sex–age classes 3.444 0.016
Biological period 37.041 <0.001
Year 7.892 <0.001
Part of the day 5.428 0.005
Social activities Sex–age classes 3.170 0.024
Biological period 16.558 <0.001
Year 6.970 <0.001
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Fig. 1: Proportion of time spent foraging (a),
lying (b), moving (c) and standing (d) during
the pre-rut (grey bar), the rut (black bar) and
the post-rut period (bar with oblique lines) by
Alpine ibex in the Gran Paradiso National
Park, Italy. Different symbols over the bars
show statistically significant differences among
sex–age classes.
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p = 0.001), with females lying down less than all
male classes (<9 and >11 yr-old males: p < 0.001;
9 to 11 yr-old males: p = 0.005). On average, the
proportion of time spent lying from the pre-rut to
the rut decreased from 0.30  0.03 to 0.13  0.01,
and from 0.18  0.03 to 0.05  0.01, for males and
females, respectively.
During the rut, both males and females spent
more time moving, standing, and in social activities
than during the pre-rut and post-rut periods
(Table 2; Figs 1c–d and 2). Sex and age classes did
not affect the time spent moving. In contrast, the
model showed significant differences between
females and males in time spent standing (<9 yr-old
males: p = 0.023; 9 to 11 yr-old males: p = 0.014;
>11 yr-old males: p = 0.001) but did not report
significant differences among male age classes. Males
obviously spent more time in social activities than
females (<9 yr-old males: p = 0.013; 9 to 11 yr-old
males: p = 0.007; >11 yr-old males: p = 0.002). No
difference was found among male age classes in this
respect.
All models showed that during the middle part of
the day ibex were less active than during the rest of
the day, foraged and moved less, and spent signifi-
cantly more time lying than in the morning and in
the afternoon. No significant difference was found
among parts of the day as regards the time spent in
social activities.
During 301 observation hours, we could record
the ruminating time. Males averagely ruminated
45.74  0.03% of their lying time. This ratio did not
change among biological periods (ANOVA:
F2,116 = 0.234, p = 0.792). Given this result, we
chose to use lying time as a surrogate of ruminating
time. In males the ratio F ⁄L did not change among
years of observation (LME: F5,599 = 2.205, p = 0.052)
and biological periods (LME: F2,599 = 1.534, p =
0.217). During the rut, F ⁄L was lower (1.38  0.03)
than before (1.45  0.08), and after the rut
(1.55  0.09), but no significant statistical difference
was found in either cases. Moreover, we did not find
any significant difference among male age classes
(LME: F2,599 = 2.030, p = 0.132).
Finally, the time spent foraging (R2 = 0.609,
p < 0.001; Fig. 3a) and lying (R2 = 0.510, p < 0.001;
Fig. 3b) by ibex males during the rut was negatively
related to the time spent rutting (i.e. standing,
moving, and engaged in social behaviours). During
the breeding season, the non-rutting time was mainly
used by males for feeding, averaging about 73% of it,
whereas only about 25% was used for lying.
Discussion
Of the five hypotheses concerning rutting male
ungulate hypophagia (Table 1), the foraging
constraint hypothesis stands out as the only one
whose predictions came all true.
Like in other ungulates, ibex activity budget varied
greatly from the pre-rut to the post-rut period, as
significant differences were found among periods for
each of the behavioural categories taken into consid-
eration. During the breeding season, ibex allocated
more time to social activities, standing, and moving,
while reduced the time spent feeding and lying.
During the rut, the reduction in forage intake was
sex- and age-dependent: while males decreased the
time spent feeding, the time allocated by females to
foraging did not vary before, during, and after the
mating season. Males older than 11 yr substantially
reduced food intake during the rut, with a decrease
of 42% of the proportion of time devoted to feeding,
while younger males reduced this activity to a smal-
ler extent (22–24%). In our study, rut-induced
hypophagia was also found in young male ibex,
even though these generally adopted a less costly
mating strategy (coursing) and were less likely to
copulate (Willisch & Neuhaus 2009).
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Fig. 2: Proportion of time spent in social activity during the pre-rut
(grey bar), the rut (black bar) and the post-rut period (bar with oblique
lines) by Alpine ibex in the Gran Paradiso National Park, Italy. Different
symbols over the bars show statistically significant differences among
sex–age classes. Please note that the y-axis scale differs from that in
Fig. 1.
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As females did not change their forage activity,
rut-induced hypophagia in males cannot be explained
by the environmental conditions that usually get
worse during the breeding season (i.e. reduction of
food availability due to snow cover and ⁄or reduction
of food quality). Accordingly, hypophagia seems to
be somehow related to a need for males to ensure or
improve their reproductive success.
Our data on ibex are similar to those recently
reported in mountain goats (Oreamnos americanus)
and bighorn sheep (Ovis canadensis, Pelletier et al.
2009), where daylight time budgets indicated that
males tend to maximize energy intake when not
actively engaged in mating activities. In fact, even
though males reduced the time spent foraging, they
still allocated the greatest part (average 73%) of
their non-rutting time to feeding. Besides, when
compared to other periods, during the rut males
were reported to reduce the time spent lying. This
decrease was comparable to the decrease of time
allocated to foraging. This is further corroborated by
a feeding-to-lying ratio approach: our analysis
showed an unmodified F ⁄L ratio before, during, and
after the rut. Furthermore, during the rut the time
spent foraging and the time spent lying were both
negatively correlated to the time spent in rutting
activities, thus confirming that a trade-off between
reproduction and maintenance occurred at the
expense of feeding and lying. All these results are
consistent with the predictions of the foraging
constraint hypothesis; in fact, only this hypothesis
expects the F ⁄L ratio not to change among biological
periods (Table 1).
Our findings are in contrast with the predictions
of both the energy-saving hypothesis and the physical rest
hypothesis. These two hypotheses have been proposed
to explain why, in some ungulates, rutting males
apparently have much time for feeding but do not
make use of it. Indeed, as recently shown in Alpine
chamois (Rupicapra rupicapra), resting time is
constant before, during, and after the rut. Therefore,
rutting activities take place at the detriment of feed-
ing time only (Willisch & Ingold 2007). The energy-
saving hypothesis proposes that reduction in time
spent foraging is an output of the digestive system:
because of their diminished efficiency to assimilate
energy, rutting males might yield a better energy
balance by reducing the time spent feeding and
thereby increasing the time spent resting. The physi-
cal rest hypothesis suggests that feeding time is
constrained by the time devoted to muscle resting,
which is necessary for males aiming to compete
successfully for access to females. Both these
hypotheses predict a reduction in foraging time, but
not in lying time, during the rut, compared to both
the pre-rut and post-rut periods, whereby the ratio
of feeding to lying time would consequently
decrease. These two hypotheses predict that most of
the time spent in non-rutting activities is dedicated
to lying. As our findings do not confirm almost any
of the predictions of the last two hypotheses, both
the energy-saving hypothesis and the physical rest hypoth-
esis fail to explain this phenomenon in Alpine ibex.
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Fig. 3: Proportion of time spent foraging (a) or lying (b) in relation to
time spent rutting in male Alpine ibex during the rut in the Gran
Paradiso National Park, Italy. Line represents a logarithmic regression.
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Ultimately, male ibex hypophagia during the rut
appeared to result not so much from strategies
meant either to save energy or to get physical rest,
as from time budget constraints generated by
mating-related activities.
However, also other functional explanations entail-
ing physiological processes might account for the
reduction in foraging time observed in polygynous
male ungulates during the rut. Hypophagia might be
a by-product of changes related to other physiological
processes and might amount to a cost that males
have to pay to gain the benefits deriving from other
physiological factors. For example, in moose (Alces
alces) and fallow deer (Dama dama) hypophagia is
temporally correlated and presumably physiologically
tied to scent-urination (Miquelle 1990; Apollonio &
Di Vittorio 2004). In these species, it seems likely that
the costs of feeding suppression are offset for mature
males that may take advantage of this scent so as to
make themselves more attractive to females, and ⁄or
induce their ovulation (Miquelle 1991), and ⁄or indi-
cate age dominance and physical conditions to other
males (Coblentz 1976). The typical odour and chemi-
cal composition of rutting males’ urine might be
explained by their hypophagic behaviour, as concen-
tration of urinary compounds is correlated to the
amount of food eaten (Whittle et al. 2000). Therefore,
as Pelletier et al. (2009) suggested, the scent-urina-
tion hypothesis can explain the complete cessation of
feeding during the rut in some ungulates, but does
not provide a full understanding of hypophagia
in those species, including Alpine ibex, in which
males still forage during the rut (e.g. bighorn sheep
and mountain goats – Pelletier 2005; Mainguy &
Coˆte´ 2008). Lastly, but perhaps most importantly, if
the reduction in forage intake was only a by-product
of other physiological processes, such as hormonal
changes or some gland activity (e.g. fallow deer –
Kennaugh et al. 1977), no decrease in time spent
lying should be expected. On the contrary, as
observed in moose (Miquelle 1990) and fallow deer
(Apollonio & Di Vittorio 2004), an increase in the
proportion of time spent resting should be predicted.
In contrast, in our study ibex were reported to reduce
the proportion of time spent lying during the rut.
Another hypothesis proposed that hypophagia is a
cost that males have to pay to minimize parasite
infection risk: the parasite hypothesis. As Decristoph-
oris et al. (2007) reported in the same population
studied in this research, testosterone has an immu-
nosuppressive effect. Following the results of Decris-
tophoris’s study, one might hypothesize that during
the rut, when testosterone levels substantially
increase (Pelletier et al. 2003; Mooring et al. 2004),
hypophagia is a result of the reduced efficiency of
the immune system of those males that are most
involved in the rutting. The above-mentioned
hypothesis, however, does not seem to account for
ibex food intake reduction during the breeding
season, as the level of testosterone in males peaks in
the same period when parasite numbers are lowest
in the environment (Lanfranchi et al. 1995; Zaffaro-
ni et al. 2000).
The results of our analysis of activity budgets, as
obtained through field observations, are in contrast
with these two last hypotheses, but the data from
physiological traits (e.g. testosterone levels) and
parasite burden could help measure the contribution
of physiological processes to generating males feed-
ing reduction during the rut. In fact, different factors
could concur to cause the rut-induced hypophagia
observed in many ungulate species.
To the best of our knowledge, all studies on bovids
showed that the reduction of time spent feeding is
due to time constraints (Bison bison – Maher & Byers
1987; Rupicapra rupicapra – Willisch & Ingold 2007;
Ovis canadensis and Oreamnos americanus – Pelletier
et al. 2009; Capra ibex – this study). In contrast,
three (Odocoileus virginianus borealis – McMillin et al.
1980; Alces alces – Miquelle 1990; Dama dama – Apol-
lonio & Di Vittorio 2004) of the four studies (in
addition to the above mentioned Cervus elaphus –
Mysterud et al. 2008) on cervid species raised the
possibility that appetite suppression may be a
by-product of physiological processes. Further studies
should therefore be encouraged so as to test whether
rut-induced hypophagia is present in other ungulate
species or not, considering that a variety of factors
may account for it in bovids and cervids.
Drent & Daan (1980) defined capital breeders
those species where storage represents the primary
energy source for reproduction. Our findings suggest
that to separate completely the phase of energy
acquisition and that of investment in reproduction is
not advantageous to Alpine ibex, even though males
of this species seem to be capital breeders. In fact,
during the breeding season male ibex still foraged
from 30% to 39% (Fig. 1a) of their total amount of
daylight time and never completely stopped feeding.
This arguably indicates a more conservative repro-
ductive strategy than those observed in other species
(e.g. cervids – fallow deer and moose) and can be
related to environmental conditions as well as to the
mating strategy adopted. Specifically, this can be
related to the fact that the rutting season occurs
in late fall and early winter when the mountain
Rut-Induced Hypophagia in Male Alpine Ibex F. Brivio et al.









environment is characterized by the low availability
and quality of forage: in fact, under these conditions,
males may not easily recover from energy expendi-
tures and weight loss.
During courtship, ibex males can spend a consid-
erable amount of time feeding, while guarding an
oestrous female. As showed in another mountain
ungulate (Pelletier 2005), in rugged terrains, it is
often possible for a male to block all accesses to an
oestrous female simply by positioning itself on a
narrow cliff ledge, where it can spend time foraging.
On the other hand, males that rut on a lek or defend
a group of females may have to defend their territo-
ries continuously, and this could reduce the time
available for feeding.
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